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Danyi Mempassem, Togo, Africa has villagers in need of electricity, however, they cannot afford 
to put in the infrastructure and then pay the steep cost of energy from the government. The best 
option for energy for the village is an affordable and renewable resource but due to limitations of 
geography the only viable option is a photo-voltaic system. We designed a working solar micro-
grid tailored for the location and weather of the village which can support all of the lights, cell 
phone chargers, and televisions that the villagers need/desire while being reliable, sustainable, 
safe, and affordable. The design and implementation plan can be used to install a working system 
or adjusted in the future to take advantage of newer technology. 
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1 – Background Information 
 
1.1 - Project History 
 
In order to choose the community to help with our senior design project, we were put in 
contact with Father Bossou, a Jesuit priest and a Santa Clara University graduate student, who has 
long been interested in helping out people who lack electricity in Africa. For our project, we will 
go to a village called Danyi Mempassem in the Plateaux region of Togo.  Only 27% of the 
population and 17% of the households in Togo have access to electricity. About 50% of the people 
in urban areas and 5% in rural areas have access to electricity. In Togo, 86% of the electricity is 
used in the coastal area called the Maritime Region. The Plateaux region uses only 5% of Togo’s 
total electricity. The majority of the villagers in Danyi are very poor, and only the wealthiest can 
afford to pay for electricity from the government. 
1.2 - Villager’s Needs 
 
Everyone needs electricity in their life for daily activities, such as cell phone chargers, 
computers, refrigerators, and other electronics. About 5 million people in Togo live without 
electricity.  
When we speak of electricity, the first thing we think of is light. Lighting allows people to 
do activities after the sun is down, and travel safely at night. Light also helps students study or 
read at night. Therefore, lighting is a key use of electricity for humans. Currently, many of the 
villagers in Danyi Mempassem use candles as their only source of light. 
  Our project will provide electricity for 6 houses (including the main house) in Danyi, Togo. 
The village currently has electricity from the government. Due to the steep cost of infrastructure 
and the high price per kilowatt-hour of electricity from the government, the overwhelming 
majority of the villagers cannot afford it. The installation of our solar microgrid will provide 
lighting to six houses, sixteen USB cell phone chargers, and two small televisions. 
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1.3 – Geography and Insolation 
 
Togo is a small country in West Africa as seen in Figure 1. Danyi is in the South-western 
portion of Togo, away from the coast, as seen in Figure 2. Danyi Mempassem is located at 6.727N, 
0.741E. The geography is mountainous to hilly with vegetation ranging from shrubs to small trees. 
The climate is Sudano-Guinean with long sunny days and two rainy seasons, both between June 
and September, with intermittent showers that only last a few hours. The sun shines almost every 
day. Even if it rains, it is very unlikely that the rain will last for longer than 36 hours. 
 
 





Figure 3 shows a portion of Danyi Mempassem. The main house where we will install the key 
components of the system is outlined. This is the house of the village chief, and it is the best and 
most secure location to place the solar panels, batteries, and main electrical components. The rest 
of the houses in need of electricity are clustered to the right of the main road about 20 to 30 meters 








Figure 4 shows the insolation of the village expressed in kWh/m2/day1. This is commonly 
translated to “peak-sun-hours” with our lowest value being 4.04 kWh/m2/day in August. We have 
designed the system to be able to run on this minimal value so that there will be enough energy 
coming from the sun at any given month to support the loads that will be put on the system. 
 
 




























2 - Project Requirements 
 
We want to build the best and most sustainable solar microgrid system for Danyi, which is 
not simple because we need to consider several engineering challenges. 
Our system will be made mostly from locally available parts. This means that if some parts 
of our system fail, a local technician will be able to replace or repair the parts. This will also allow 
the system to be expandable in the future.  
The system must also be efficient, making it more affordable. We will design our system 
with as few parts as possible to reduce the chance of system failure. 
Our system will convert the sun’s energy into a DC voltage which will be used to charge a 
battery bank. From there, an inverter will convert the energy stored in the batteries to AC 
electricity. The AC electricity will be supplied to all the houses. We will also design our battery 
bank to have enough charge stored to operate at full electric load for 2 days without sunlight. 
 There are several ethical and social problems that we have encountered throughout the 
design of our system, including the payment method. Users will be charged for the energy that 
they use each month. 
In order to successfully complete this project, we also have to take safety, sustainability, 
and expandability into consideration. By bringing electricity to these houses, we have to make sure 
there will be minimal risk of fires, abuse or electrocution. The system needs to be efficient and 
sustainable for many years to come. This ties into the objective of making it expandable. We will 
not be able to build a microgrid which will be big enough for all of the villagers due to limitations 
in funding and time. With time and investment from the villagers, they will be able to expand the 
system with the help of a trained technician.  
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3 - Energy Needs 
3.1 - Energy Needs of the villagers 
The chief of the village met with the villagers and they decided the primary electricity 
needs. Their top priorities were lights, televisions, and cell phone chargers. Working with their 
needs, and keeping the system affordable, we will be installing 50 LED lights, 2 small televisions, 
and 16 cell phone chargers. The energy consumption of these devices can be seen in Figure 5. 
50 x LED light bulbs: 
     50 bulbs x 7W x 5 hrs = 1,750 Whr/day 
2 x Small Televisions: 
     2 x 50W x 3 hrs = 300 Whr/day 
16 x USB Cell Phone Chargers: 
     16 Chargers x 15W x 6 hrs = 1,440 Whr/day 
Figure	5:	Energy	Needs	for	the	villagers	
3.2 - Total Energy 
The maximum energy consumption of the village on a daily basis can be seen in Figure 6. 
We will be providing them with enough battery capacity to be able to sustain maximum energy 
usage for 2 days without sunlight. 
Total Energy use per day: 
     1,750 + 300 + 1,440 = 3,490 Whr/day 
Total Energy use for 2 days: 
     2 x (1,750 + 300 + 1,440) = 6,980 Whr/day 
Figure	6:	Total	Energy	
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3.3 – Description and Selection of Batteries 
 From our research and according to the electrical technician that we have contacted, the 
only option we have for batteries is to use Lead-acid batteries. Other batteries are not readily 
available and are much more expensive. Batteries are not completely efficient and will have about 
20% loss. There is also the maximum depth of discharge (DOD) of the batteries that needs to be 
accounted for. It is 80% which means that if the charge of the batteries falls below 20%, the 
batteries will be damaged. For example, a 100 Ah battery will only have about 64 Ah available for 
use after losses and DOD.  
3.4 – Wire Gauge 
Wire gauge is a number related to the diameter of a wire. The larger the diameter the more 
current it can carry. The smaller the AWG number, the larger the diameter will be and the more 
current it will be able to carry.  
#0 (1/0) can carry up to 150A at 75°C 
#8 can carry up to 50A at 75°C 
#12 can carry up to 25A at 75°C 
3.5 – Solar Panels 
There are two main types of solar panels, polycrystalline and monocrystalline. The 
differences come from the manufacturing process. A silicon crystal is grown and sliced into wafers 
for solar panel construction. Monocrystalline solar panels have the solar cells each made out of 
one crystal. They last longer, have higher efficiency, and cost more. Polycrystalline solar panels 
have solar cells with many smaller silicon crystals together. These panels have a shorter lifespan, 
are less efficient, but cost less.  
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4 - Block Diagram and Design 
4.1 - Design 
The total energy needs of the villagers are estimated at 6980Wh for two days at full load. 
Since the efficiency of the inverter is 92% (according to the Appendix 13.6), we will need 7,587 
Wh. We will be using 100Ah batteries, which will have losses of about 20%, leaving 80Ah. The 
maximum depth of discharge (DOD) is 80%, meaning that 64Ah of each battery can be used. The 
batteries will be 12V which means that the villagers will need 633 Ah. That implies 9.8 batteries, 
which rounds up to 10 batteries. The month with the lowest peak sun hours (PSH) has 4.04 PSH 
and we need to generate at least 3,490 Wh for the daily energy usage of the villagers and will store 
the rest of the energy in the batteries to be able to support the loads for two days if there is bad 
weather in the village. We will be using 250W solar panels which have a derating factor of about 
80%, which means the solar panels will only provide about 200W each. This means that we need 
at least 6 solar panels in order to generate 3,794 Wh. The six panels with 4.04 PSH results in 4,848 
Wh/day. These calculations are summarized in Figure 7. 
The energy generated by the solar panels passes through several disconnects that can isolate 
specific parts of the system for safe maintenance or replacement by the technician. The solar power 
is managed by a 60 Amp charge controller that charges the lead acid batteries with a Pulse Width 
Modulated (PWM) signal that we will program to be a function of the battery voltage that is a 
result of the batteries’ specific chemistry, which is lead sulfuric acid PbSO4 for our system. PWM 
is extremely important for managing the charging behavior for the batteries because without a 
PWM charging sequence the lead acid batteries would not last very long. We will be using 12V 
batteries, connecting two in series to make 24V. With 24V batteries sets, we will receive a smaller 
current compared to the 12V, and we will use a smaller AWG wire to connect the solar panel array 
to the charge controller and batteries. A 12V battery system would have more losses and less 
efficiency than a 24V battery set. Figure 9 shows how the batteries are connected in order to have 
a 24V battery system. We will also be using a 2000W (Peak 4500W) DC 24V to AC 220V Pure 
Sine Wave Power Inverter to convert the electricity from DC into AC. 
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Total Energy estimated: 6,980 Wh (for two days at full load) 
Efficiency of the inverter: 92% 
We need 8% more to cover the loss from inverter 
    Energy for one day  = !,#$%	'(
%.$*
= 3,794	Wh 




Efficiency of the battery: 20% 
    100 Ah x 0.80 = 80 Ah 
Depth of Discharge (DOD) 
The maximum DOD is 80% 
    80 Ah x 0.80 = 64 Ah  
6736	'(
8*	9
= 633	Ah → 	 2!!	=(
2#	=(
=	9.89 batteries minimum (round up to 10) 
Solar Panels 
Derating factor: ~ 80% 
    250 W x 0.80 = 200 W 
Insolation 
Lowest month of Insolation = 4.04 PSH 
Energy generated for 1 day: !,6$#	'(
#.%#	>?@
= 940	𝑊 →	 $#%	'
*%%	'
= 4.7	𝑆𝑜𝑙𝑎𝑟	𝑃𝑎𝑛𝑒𝑙𝑠	𝑛𝑒𝑒𝑑𝑒𝑑 
We need at least 5 solar panels to generate energy for 1 day. Since we are designing the system 
to be parallel, we need an even number for the solar panels, which rounds up to 6. 
Figure	7:	Design	Calculations 
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	The array of 6 solar panels from Sunmodule SW 250 Mono (Based on the Appendix 13.3) 
will all be connected with 3 in series to form two strings, the two strings are then connected in 
parallel (as shown in Figure 9), and will generate a max current of 17A. We will wire the solar 
array into a charge controller that will receive a max current of 17A and max voltage of 94V, and 
that will keep the the batteries from being overcharged and undercharged. The wire that we will 
use from the solar array to the charge controller and batteries is AWG #10 which can carry up to 
35A at 75°C. The wire from the inverter to junction box for about 20 - 30 meters will be #12 which 
can carry a maximum current of 25A at 75°C. Under full load, we will get a current of 3.27A, and 
we will also include a safety factor for our system, which we will multiply by 1.25 (125%), yielding 
4.09A. Then from the junction box to each house we will use #12 which can carry a maximum 
current of 25A at 75°C. Figure 9 shows the solar array and battery array configuration that we will 
be using. 
3 Solar Panels in series: 
Each Solar Panels will generate: 31.1 V 
    3 x 31.1 = 93.3 V = ~ 94 V 
Each Strings will have 8.05 A 
2 Strings in Parallel will result: 
    2 x 8.05 A = 16.1 A = ~ 17 A 



















































4.2 - Energy Generation and Storage Block Diagram 
 Figure 10 shows the block diagram for the system. Figure 9 shows the detailed 
configuration of the solar panel array, charge controllers, and battery array which is represented as 
blocks in Figure 10. The main house will have the solar array, charge controllers, battery array, 
and inverter connecting the distribution center. The distribution center will be connected to the 
junction box by transmission lines. From there, the electricity will be split among the other houses 
in the village that will be electrified.  
As seen in Figure 10, the system will have (6) 250W solar panels which will go to a 60A 
charge controller. There will be a circuit disconnect between the solar panels and charge controllers 
to allow for maintenance and repairs. The charge controllers will be connected to the battery array 
with a circuit disconnect in between. The battery array will consist of (10) 100Ah lead-acid 
batteries which will be connected to the inverter with a circuit disconnect in between. The inverter 
will be connected to the distribution center with a circuit breaker and circuit disconnect in between. 
The circuit breaker will be tripped if there is too high of a current or a current spike. The 
distribution center will have the Lumeter system inside of it. From the distribution center, the 
electricity will go through a 20 - 30 meter transmission line to the junction box with a circuit 
disconnect in between. The distribution center will also electrify the main house with a circuit 
breaker and circuit disconnect in between. The junction box will connect to all of the other houses 
and electrify them with a circuit breaker before each house. 
17	
 
4.3 - Energy Input from the Solar Array 
The amount of energy that the solar array will generate can be seen in Figure 11. This 
data is based on the insolation that the village will receive. 
During Least Peak Sun Hours 
     6 x 200W Solar Panels x 4.04 hrs = 4,848 Wh/day 
During Average Peak Sun Hours 
     6 x 200W Solar Panels x 5.06 hrs = 6,072 Wh/day 
During Highest Peak Sun Hours 



























































5 - Specifications and Constraints 
 
Information about the site comes from aerial maps of the area from Google maps and 
insolation data from NASA. 
 
Throughout the quarter and after our advising sessions with our advisor and co-advisor, we have 
done research on the following sections: 
• AC vs DC Transmission 
• 12V vs. 24V Systems 
• Underground Wiring 
• Batteries 
• Selected Implementation 
• Installation 
5.1 - AC vs DC Transmission  
A big concern of our design was whether to use AC or DC for the power transmission. The 
electricity that comes from a solar panel is DC and can be used directly to charge the batteries. It 
can be used as is from the batteries or inverted to AC electricity. An AC system has standard plug 
in appliances, which means that there is the potential to power computers, televisions, refrigerators, 
and other home appliances. An AC system requires smaller wires which will be more cost efficient. 
The other advantage of using an AC system is fewer losses over long distance transmission lines. 
From our research, the voltage drop from an AC transmission line is small enough that it is 
negligible since it will produce a voltage drop of <1%. One disadvantage of using an AC system 
is the need for an inverter which will cause power losses of 8% in conversion. 
 After several weeks of doing research for our system, we concluded that we will install an 
AC system. We will provide the villagers with AC LED light bulbs, small televisions, and USB 
cell phone chargers. We are also have been thinking of possibly expanding our system in the future. 
In the case of future expansion, the villagers could possibly have a refrigerator and/or other home 
appliances running on the system. 
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5.2 - 12V vs 24V Systems 
An important consideration is whether to use a 12V or 24V system. A 12V system has half 
of the voltage which means it requires twice the current for the same power. To carry more current, 
the wires would need to be a higher gauge (thicker) and be more expensive. That makes a 24V 
system the safer and cheaper option. The store in Togo where we will be buying our supplies have 
several options of battery but they are all 12V. 24V system has higher voltage than 12V and this 
means that 24V system has less losses and few percent more efficiency than 12V system. We will 
have 10 batteries in total, since we use a 24V system, we need to make 5 set of batteries in series 
that contains 2 batteries each to make it 24V then we will connect all of them in parallel (as shown 
in Figure 7).  
5.3 - Underground Wiring 
All of the wiring between the houses we will be electrifying will be connected through 
underground wiring. The transmission lines will be inside a waterproof conduit which will be 
buried to a minimum depth of 18 inches. The wires will be AWG #12 with 220V AC running 
through them since that is the standard for AC electricity in Togo. There will be a second “dark 
wire” which will also be run through the conduit in case the live wire is damaged. The underground 
wiring is especially important for connecting the main house, where the electricity will be coming 
from, to the junction box which will split off to connect to all of the villager houses. The electricity 
needs to cross the main road in the village and this will be the safest way to accomplish it.  
5.4 - Batteries 
Our main goal for this project is to make our system functional after sunset, which is 
usually around 6 pm local time in Togo. For this reason, we need to have batteries for our system. 
We will use lead acid batteries that can supply energy for 5 houses for about 12 hours with full 
load. These batteries are low in cost, available locally, require low maintenance, and have a long 
life cycle. Lead-acid batteries are quite common in Togo. Figure 12 shows the calculations used 




8 x 24V 100 Ah Lead Acid Batteries 









5.5 - Selected Implementation 
The solar panel array would be 1500W. Our charge controller would be Morningstar TS-
60 Tristar-60 Amp and our power inverter would be a 2000W power inverter. We will buy the 
batteries and solar panels locally in Togo along with the wires and other electrical needs. We 
purchased our USB cell phone chargers from China, with delivery to the U.S. so that we could test 
them prior to implementation in Togo. The batteries that we will be using are lead acid batteries. 
We will also purchase the AC LED light bulbs and small Televisions locally in Togo. The cell 
phone chargers are 15W each because it contains 2 ports that can support 7.5W for each port of 
the chargers. The small televisions are 50W each. We will also use 7W high efficiency LED light 
bulbs. 
The solar panel array will consist of two strings of three solar panels each. This will allow 
us to use a 60A charge controllers which will cost $175 that can handle all of the current.  
5.6 - Installation 
We will be installing our system in the village chief’s house. With a separation of 20 to 30 
meters between the main house and the cluster of other houses that need electricity, we need an 
efficient way to get power from the battery bank in the main house to all of the other houses. The 
main house is the best and most secure location for the solar panel array and battery bank because 
it is the only place large enough to contain everything. Theft is an issue and by keeping everything 
important enclosed in the house, it will be secure.   
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6 - Ethics 
 
Togo is a country that is having trouble meeting current demands for electricity, let alone 
expanding its distribution of electricity to more of its residents. Only 27% of the population 
currently have access to electricity. From 1971 to 2013, the consumption of electricity increased 
nine-fold while the generation of electricity only increased two-fold. This leaves the vast majority 
of the country needing other sources of energy. According to the government of Togo, ten candles 
provide 1 kWh of energy and cost about $1, which is five times more expensive than 1 kWh of 
electricity in Togo. This raises the question of what can be done to help supply the people with 
electricity. 
An important topic to address is safety. There will be villagers of all ages as well as any 
domestic or wild animals in the village that could be hurt or killed by electricity. That is why we 
are building in safety measures like circuit breakers, circuit disconnects, insulation, and conduits 
for the wires.  There is a substantial amount of risk associated with electricity, thus we are taking 
all possible measures to make the system as safe as possible. Our system should not make the 
village any more dangerous, but instead a safer place. Some of the light we will be putting in will 
be outdoor street lights. They will help keep the villagers safe when they move around the village 
at night. We hope to provide the villagers with safe electricity that will improve their lives and not 
cause any harm to them. The benefits of our system should outweigh the potential dangers. 
Is our system fair? We will only be supplying electricity to six houses in the village. The 
villagers had a meeting and decided which of the houses those will be. There might be animosity 
or jealousy between the villagers who will and will not have electricity. 
The villagers will be paying money for the electricity they receive. It will go towards 
maintenance and repairs of the system. The remaining money will go towards future expansion of 
the system so that more houses can also get electrified. The question arises whether it is fair for 
the current users to be paying towards the extra parts to expand the system. They are not paying 
for the system to be put in, but that does not mean that they should necessarily be paying for the 
infrastructure that others will be using. 
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We are only supplying part of the village and that raises the question of whether the good 
of the whole village is being respected. There is already electricity from the government in the 
village. More electricity will mean that there is more to go around. It could only be a benefit to the 
village. Some of the lights will be outside of houses so that the villagers can be safer when they 
walk around at night. 
While the above are important ethical issues that arise because of the system, we cannot 
resolve them. Only the villagers and the chief are able to make decisions in these areas. 
7 - System Sustainability 
 
In order for the system to be self-sufficient the villagers will need to pay for the electricity 
that they will be using. The villagers must pay every month depending on how much they are 
consuming. This money will be collected by the chief of the village who will control the pay-as-
you-go system (addressed in the next section). 
When we go to Danyi to install the system, a local electrical technician will be there to 
assist. As he helps us with all the steps of the process, we will show him what we are doing and 
how everything works. This way he will be trained on the system and will be able to fix anything 
that might break. He will also perform regular checks to make sure everything is performing 
correctly and do routine maintenance, such as wiping down the solar panels of dust and debris. 
The money that is collected every month will go towards these repairs and maintenance. Once a 
surplus of money accumulates, he will be able to put those funds towards expanding the system so 
that more villagers can be served. 
8 - Pay As You Go System 
Lumeter, a new company headquartered in San Francisco, California has in-country 
operations in Nairobi, Kenya. The company is focused on making energy solutions more 
affordable and accessible. They have delivered a Pay-As-You-Go system to explore time and 
energy prepaid metering options. We will be using the Lumeter Pay-As-You-Go system to manage 
the energy usage of the villagers. The Lumeter control box sends an sms (Short Message Service) 
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or text message with information and updates for system monitoring. This way we will be able to 
regulate the energy being used, and there will be a way to ensure that payments are made to pay 
for the technician to maintain the system and make any repairs that might be needed. We will be 
using Lumeter’s AC Meter (AM) as shown in Figure 13. Lumeter’s AM was designed for low-
power AC mini-grids. There will be a separate meter for each house connected in series before the 
house so that it can monitor all of the electricity being consumed and stop current flow. It will 
consume a negligible amount of energy from the system to power itself. The AM is controlled with 
an infrared (IR) controller; however, it has a LCD display that can convey more information about 
operations. The meter will monitor the energy use by the villagers and once they reach the amount 
of energy that they have paid for, then they must make a payment to the leader of the village who 
will collect the payment from the villagers. Then the leader of the village will access the lumeter 
network and generate a code for the payment that the villager is making. After the code is 
generated, the leader of the village will punch in the code using the Lumeter’s remote control to 
the Lumeter’s AC Meter. Figure 14 shows a diagram of how Lumeter’s Pay-As-You-Go System 
works. The cycle starts at the villager paying the chief for a certain amount of electricity (in kWh.) 
The chief will send an sms to the Lumeter system and receive a code which authorizes the villager 
to access the amount of electricity they paid for. The chief will input the code in the Lumeter which 
is connected to the villager’s house. The Lumeter will automatically cut off the electricity when 












Parameter' Min' Max' Units' Notes'
Power! 0! 400! Watts! ±1.5%U!220W!for!12V!system!
Voltage!(DC)! 8! 29! Volt ! ±0.5%U!R solution!40mV!
USB!Charging!Port! 0! 1.5! Amps! 12V!system!only!
Dimensions!(l!x!w!x!d)! 80!x!60!x!20! mm! Enclosure!subject!to!change!
AC'Mini0grids'
AC! miniBgrids! can! be! appropriate! in! more! affluent! rural! and! semiB
urban! geographies! as! they! support! higher! power! loads,! reduce!
transmission! losses! for! widely! separated! housesU! accommodate!
common!AC!appliancesU!and!are!compatible!with!the!future!arrival!of!
the!utility!grid.!!
Lumeter’s! AC! Meter! (AM)!
was! designed! for! lowBpower!
AC!miniBgrids.!As!for!the!CM,!
the! AM! is! controlled! with! an!
IR! control,! however! it! has! a!
LCD!display! that!can!convey!
more! information! about!
operations.! More! details! are!
available!on!request.!
AM'Specification.'
Parameter' Min' Max' Units' Notes'
Power' 1' 3600! Watts! ±1.5%U!1800W!at!120V!'
Voltage!(DC)' 80! 270! Volts' Resolution!TBD!
Dimensions!!






























Parameter' Min' Max' Units' Notes'
Power! 0! 400! Watts! ±1.5%U!220W!for!12V!system!
Voltage!(DC)! 8! 29! Volts! ±0.5%U!Resolution!40mV!
USB!Charging!Port! 0! 1.5! Amps! 12V!system!only!
Dimensi ns!(l x!w!x!d)! 80!x 60!x! 0 mm! En losure!subject to!ch nge!
AC'Mini0grids'
AC! miniBgrids! can! be! appropriate! in! more! affluent! rural! and! semiB
urban! geographies! as! they! support! higher! power! loads,! reduce!
transmission! losses! for! widely! separated! housesU! accommodate!
common!AC!appliancesU!and!are!compatible!with!the!future!arrival!of!
the!utility!grid.!!
Lumeter’s! AC! Meter! (AM)!
was! designed! for! lowBpower!
AC!miniBgrids.!As!for!the!CM,!
the! AM! is! c ntr ll d! wit ! an!
IR! control,! however! it! has! a!
LCD!display! that!can!convey!
more! information! about!
operations.! More! details! are!
available!on!request.!
AM'Specification.'
Parameter' Min' Max' Units' Notes'
Power' 1' 3600! Watts! ±1.5%U!1800W!at!120V!'
Voltage!(DC)' 80! 270! Volts' Resolution!TBD!
Dimensions!!
























9 - Site Layout 
	
9.1 – Village Overview 
 
Figure 15 shows the layout of the site. The main house with the solar array on top of it. 
The green boxes show the houses which will be electrified and the red lines are the rough locations 






9.2 – Village Blueprint 
Figure 16 shows the blueprint of the village. We can show it to the technician who will be 

































































































10 - Risk Analysis and Mitigation Strategies 
 
 There are many risks associated with a project such as this. We are providing electricity to 
villagers who have little or no experience with it and live in a relatively remote location. Besides 
the risks of problems with the system not working properly, there are many safety concerns that 
must be addressed.  
 A risk that comes with any design is that it may not work as it should. To make sure that 
the microgrid functions according to plan and meets expectation there is a lot of research and 
testing that we are undertaking. We are learning about every part of the system, how it should 
work, and how to best implement it. Since many of the components will be bought on location in 
Togo, we cannot put the whole system together first before travelling. That is why we are being 
meticulous in the design process. The components that we will be buying in the USA will be 
obtained in advance of our travel so that we can test them out. 
 Since we are assuming the villagers have limited or no experience with electricity, we must 
account for any abuse of the system. They might not know better, and we must not assume that 
they do have any of the knowledge and electrical common sense that we are accustomed to. Part 
of this is accounted for with the safety measures that will be put in. The rest must be accounted for 
with a way to limit them from being able to plug something in that can overload or damage the 
system. 
11 - System Analysis 
11.1 - Parts and Component List 
All parts are available in the United States, but we want to buy most of them in Togo so 
that if anything happens with the system, the technician will be able to buy the same parts locally. 
We will purchase our charge controller and power inverter in the US because they are more 




16 x Cell Phone Chargers Purchased in USA 
Charge Controller We will purchase in USA 
Inverter We will purchase in USA 
6 x 300 W Solar Panel We will purchase in Togo 
8 x 100 Ah Batteries We will purchase in Togo 
50 x 7 Watt LED Lights We will purchase in Togo 
2 x Small Televisions We will purchase in Togo 
Circuit Breakers We will purchase in Togo 
Junction Boxes We will purchase in Togo 
Voltage Disconnects We will purchase in Togo 
Connector We will purchase in Togo 
Wires We will purchase in Togo 
Hardware We will purchase in Togo 
Television We will purchase in Togo 
Figure	17:	Parts	List	
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11.2 - Budget 
In Figure 18, we show the budget, description and the price for our project. The price of 
the parts will not be exactly what we put in the budget list because this is the price that we found 
in United States, and we will buy most of our parts in Togo. There might be some contingency that 
we need in the future. As Per Diem stated in the Budget estimate, its $250/day per person 
(Christian, Alex and Father Bossou) for 12 days of our stay in Togo. Also, the 3 plane tickets are 
for Christian, Alex and Father Bossou (Our Advisor). There will be technicians that will help us 
during our visit to Togo and it will cost $50/day for 10 days. 
Quantity Items Description Price 
1 Charge Controller Manage battery charging $175 
2000 ft Wiring Sizes Deliver to each house $600 
50 7W LED bulbs Provide light to each house $200 
10 Batteries Stores the power from solar panel $2,100 
6 Solar Panels Generates power $1,800 
16 Outlets/cell phone charger plugs Provide them to charge cell phones $75 
1 Inverter To convert DC to AC $250 
 
Electrical (junction boxes, voltage 
disconnects, wire connectors) 
Electrical needs $100 
 Hardware (nails, wood, concrete) Installation Needs $50 
2 Televisions Provide them to watch TV $200 
 Circuit Breaker Safety measure to stop flow of current $50 
  TOTAL $5,600 







11.3 - Implementation and Test Plan 
 
Before we travel to Togo, we will test as many of the components as we can. Since the 
bulk of the supplies will be bought locally in Togo for reasons of transportation cost and so that 
anything that breaks can easily be replaced by the technician in Togo. All of the components that 
will be bought in American and taken with us will be tested first. That includes the cell phone 
chargers, inverter, charge controller and pay as you go system. We will try to find some solar 
panels and batteries that we can borrow just to practice setting up a fully functioning system before 
having to do it in a foreign country under time constraints. We created a board for testing which 
can be seen below in figure 19. 
 
 
11.4 - Results of Preliminary Work Completed to Date  
The primary work we have done so far is the designing stage. We have identified the needs 
and challenges that must be addressed. We researched how this can be accomplished and the 
various approaches that can be taken to accomplish this. We have come up with different scenarios 
to make it happen.  
 The result is a plan for how to bring solar powered electricity to the villagers of Danyi 
Mempassem with the steps and time-tables laid out. The parts and accompanying budget are made.  
Figure	19:	Test	Board 
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The next steps are to further design some add-ons and features to the system so it will 
provide more utility for them, and then the implementation in Togo, Africa. 
11.5 - Expected Results of the Completed Project 
 The completed project is a working solar microgrid in Danyi Mempassem. It will provide 
safe and reliable electricity for the villagers. They will have lights, cell phone chargers, and 
televisions that they will be able to use for a designated amount of time each day. The system will 
be able to run at full capacity for two days without sunlight. It will have all the possible safety 
devices and features so that there will be no electrical fires, electrification, or system abuse. The 
system will also be able to be expanded in the future to support more houses and provide energy 
to more villagers. 
11.6 - Reliability 
 The reliability of a system depends on the reliability of the components. Each component 
will have its own expected lifespan. The reliability of the components of our system can be seen 
below in Figure 20. 
Component Lifespan 
Solar Panels ~ 20 - 25years 
Batteries ~ 5 years 
Charge Controller ~ 15 years 




11.7 - System Cost Analysis 
 
 PV System: 6 x $300    $1,800 
 Battery System: 10 x $210   $2,100 
 Charge Controller:  $175    $   175 
 Inverter: $200     $   250  + 
        $4,325 
Estimated system lifetime: 20 years 
Daily energy usage: 3.794 kWh/day 




= 1,385	 kWh year 
Energy usage for 20 years: 20	x	1,385	 OMN
^_`a
= 27,700	 kWh years 












 Our system LCOE is about 43% cheaper than the local electricity rate in Togo, which is 
28¢. They will also require paying for the system infrastructure installation to their village and 
this will cost them a lot of money.  
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12 - Gannt Chart: 
 



















13 – Appendix 



















13.3 – Solar Panel Specification 
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